IMPORTANCE Atrial fibrillation is a potent risk factor for stroke, but whether the burden of atrial fibrillation in patients with paroxysmal atrial fibrillation independently influences the risk of thromboembolism remains controversial.
A trial fibrillation increases the risk for ischemic stroke and other arterial thromboembolism and affects millions of US adults. [1] [2] [3] Atrial fibrillation can lead to thrombus development within the atria, particularly the left atrial appendage, which can cause thromboembolic events. 4, 5 Whether thromboembolic risk varies among those with paroxysmal vs nonparoxysmal atrial fibrillation has been an ongoing question. Compared with patients with nonparoxysmal atrial fibrillation, those with paroxysmal atrial fibrillation may be at higher thromboembolic risk given intermittent organized contraction of the atria following periods of atrial fibrillation. However, a recent meta-analysis suggested that there is a higher risk in patients with nonparoxysmal vs paroxysmal atrial fibrillation not taking anticoagulants, 6 but current guidelines recommend anticoagulants for stroke prevention based on clinical risk stratification for either nonparoxysmal or paroxysmal atrial fibrillation. 7 Yet, little is known about whether the burden of atrial fibrillation (ie, the amount of time spent in atrial fibrillation) independently increases the risk of stroke among patients with paroxysmal atrial fibrillation for whom decision making about stroke prevention strategies can be challenging. Previous studies have focused on selected populations with implanted devices, such as pacemakers, [8] [9] [10] [11] [12] [13] [14] implantable cardioverter defibrillators, 11-14 or cardiac resynchronization therapy devices, 15 with varying thresholds for defining a meaningful amount of time in atrial fibrillation during long-term monitoring. Furthermore, studies have not examined the effect of the burden of atrial fibrillation measured using short-term, continuous, noninvasive strategies on the risk of stroke and other thromboembolic events while not taking anticoagulation. Within a large cohort with paroxysmal atrial fibrillation confirmed on extended continuous ambulatory electrocardiographic monitoring, we evaluated whether a greater burden of atrial fibrillation was independently associated with the risk of stroke and arterial thromboembolism while not taking anticoagulants to assist in improving stroke risk stratification.
Methods

Source Population
The source population included members of Kaiser Permanente Northern California and Southern California, 2 integrated health care delivery systems providing care to more than 8 million persons. The membership is highly representative of the statewide population in regard to age, sex, race/ ethnicity, and socioeconomic status. [16] [17] [18] The project was approved by the Kaiser Permanente Northern and Southern California institutional review boards, and a waiver of informed consent was obtained due to the nature of the study.
Design and Analytic Sample
The Kaiser Permanente Real-World Heart Monitoring Strategy Evaluation, Treatment Patterns, and Health Metrics in Atrial Fibrillation (KP-RHYTHM) study first identified all adult members who underwent continuous ambulatory electrocardiographic monitoring using the ZIO service (iRhythm Technologies Inc) between October 2011 and October 2016. The ZIO Patch is a lightweight, lead wire-free, single-patient-use electrocardiographic monitor that is applied to the left upper chest and records and stores up to 14 days of continuous, beat-to-beat electrocardiographic data. After mailing the monitor back to iRhythm Technologies, Inc, the recording is analyzed using proprietary algorithms with verification of the algorithm output and report creation by conducted by certified cardiac technicians. 13,14 The report is then transferred to the treating physician.
As the aim of this study was to examine the relationship of the burden of atrial fibrillation with thromboembolism while not receiving anticoagulation therapy in adults with paroxysmal atrial fibrillation, we identified patients with confirmed paroxysmal atrial fibrillation (>0% and <100% overall burden) on ZIO Patch electrocardiographic monitoring. 13, 14 For any episode to be labeled as atrial fibrillation (which included atrial flutter), the minimum episode duration was longer than 30 seconds. We excluded patients younger than age 18 years at the time of monitoring and those with fewer than 12 months of prior continuous membership or pharmacy benefit, disenrollment after device removal, death during the monitoring period, prior organ transplant, no analyzable wear time, or no periods of not taking anticoagulation during follow-up.
Predictor Variable
The primary predictor was the burden of atrial fibrillation in the setting of paroxysmal atrial fibrillation. To compare patients wearing the ZIO Patch for different lengths of time (up to 14 days), we examined 2 measures of atrial fibrillation burden. Our primary measure was the percentage of analyzable wear time spent in atrial fibrillation; the secondary measure was the longest continuous episode of atrial fibrillation during monitoring. . Of note, patients who were censored because of health plan disenrollment were younger and had less comorbidity burden. Deaths were ascertained from electronic medi-
Follow-up
Key Points
Question Is the burden of atrial fibrillation associated with the risk of ischemic stroke and other thromboembolism in paroxysmal atrial fibrillation?
Findings In a cohort study of 1965 adults with paroxysmal atrial fibrillation, a greater burden of atrial fibrillation (Ն11%) on 14-day noninvasive, continuous electrocardiographic monitoring was associated with a significantly higher rate of thromboembolism while not taking anticoagulation vs a lower burden.
Meaning Greater atrial fibrillation burden is associated with a higher risk of ischemic stroke independent of known risk factors in adults with paroxysmal atrial fibrillation; knowing the burden of atrial fibrillation may assist with shared decision making for stroke prevention strategies. ; exposure to direct oral anticoagulants was based on the information on the number of days supplied per the dispensed prescription.
Covariates
We identified age, sex, and self-reported race/ethnicity from health plan databases. We identified stroke risk factors from electronic medical records using previously described methods. 22 These included prior ischemic stroke, chronic heart failure, diabetes, hypertension, and reduced kidney function. Reduced kidney function included an estimated glomerular filtration rate less than 45 ml/min/1.73 m 2 using the Chronic Kidney Disease Epidemiology Collaboration estimating equation, 24 as well as proteinuria ascertained from urine dipstick results of 1+ or greater. 25 We also calculated each patient's predicted risk of thromboembolism using the Anticoagulation and Risk Factors in Atrial Fibrillation (ATRIA) and CHA 2 DS 2 -VASc scores. The ATRIA stroke risk score, which has a range of 0 to 15 (low risk = 0-5, moderate risk = 6, and high risk ≥ 7), has been shown to have greater discrimination than other risk schemes in multiple populations in the United States, United Kingdom, and Sweden. 22, 26, 27 The CHA 2 DS 2 -VASc risk score, 28 which has a range of 0 to 9 (low risk = 0), has been incorporated into various clinical guidelines.
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We assessed for missingness in the variables presented in the Table and found that 266 (12.5%) in the cohort were missing an estimated glomerular filtration rate and 10 (0.5%) in the cohort had no recordings of the longest episode of atrial fibrillation. In an earlier period, we showed that warfarin was obtained through non-health plan pharmacies for fewer than 6% of adults with atrial fibrillation. 21 For medical conditions, including proteinuria, we classified patients with no documented evidence as not having the condition of interest.
Analytic Approach
All analyses were conducted using SAS software, version 9.3 (SAS Institute.). Given the non-normal distribution of the burden of atrial fibrillation, we compared baseline characteristics across tertiles of atrial fibrillation burden using analyses of variance or nonparametric tests for continuous variables and χ 2 tests for categorical variables. We used a Poisson regression to estimate the annual incidence of confirmed thromboembolic events for periods during follow-up while patients were not taking anticoagulation as a rate per 100 person-years with 95% confidence limits, overall and by tertile of the burden of atrial fibrillation. We conducted separate Cox regression models for the primary and secondary measures of atrial fibrillation burden with thromboembolism using time not taking anticoagulation as our analytic timeline, unadjusted and after adjustment for either ATRIA or CHA 2 DS 2 -VASc risk score as a continuous variable (eFigure in the Supplement).
In addition, we performed subgroup analyses by age, sex, and the presence or absence of chronic kidney disease, diabetes, or hypertension. Finally, we conducted sensitivity analyses in which we separately excluded patients with a previous ischemic stroke or those who had baseline exposure to anticoagulants, with censoring at the time of anticoagulant initiation during follow-up.
Results
Study Participants
Between Figure 1) . Overall, the mean (SD) age was 69 (11.8) years, with 880 women (45%), 100 African American participants (5%), 266 Asian/Pacific Islander participants (14%), 198 Hispanic participants (10%), a median (IQR) ATRIA stroke risk score of 4 (2-7), and median (IQR) CHA 2 DS 2 -VASc score of 3 (1-4) (Table) . The material differences in baseline characteristics included a lower prevalence of women, Hispanic race/ ethnicity, a higher prevalence of prior cardioversion attempts, and anticoagulant use within 30 days after monitoring with a higher tertile of atrial fibrillation burden (Table) .
Atrial Fibrillation Burden Distribution
The burden of atrial fibrillation was non-normally distributed, with a median (IQR) of 4.4% (1.1%-17.2%) ( Figure 2 agulation, the unadjusted thromboembolism incidence while not taking anticoagulation was 1.51 per 100 person-years (95% CI,1.05-2.18) (Figure 3) . Across tertiles of burden of atrial fibrillation, the unadjusted thromboembolism incidence while not taking anticoagulation was higher in the highest tertile of burden of atrial fibrillation (Figure 3) . We compared patients within the combined first and second tertiles with those in the third tertile of burden of atrial fibrillation and found a 215% (95% CI, 51%-561%) increase in the unadjusted risk of thromboembolic events while not taking anticoagulation ( Figure 4A ). Adjusting for ATRIA or CHA 2 DS 2 -VASc risk scores did not materially affect the results ( Figure 4A ). Analyses in the subgroups of age, sex, and the presence or absence of chronic kidney disease or hypertension, as well as in those without diabetes, demonstrated similar associations and there were no significant interactions ( Figure 4B ). Results were similar in patients without previous ischemic stroke (eTable 1 in the Supplement), and the association was stronger among patients with no baseline or follow-up exposure to anticoagulants (eTable 2 in the Supplement). In contrast, a secondary measure of atrial fibrilla- 
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tion burden-the duration of the longest observed episode-was not significantly associated with thromboembolism while not taking anticoagulation, overall ( Figure 4A ), and in those without previous ischemic stroke (eTable 1 in the Supplement) or no baseline or follow-up exposure to anticoagulants (eTable 2 in the Supplement).
Discussion
Among a contemporary population of adults with confirmed paroxysmal atrial fibrillation, a greater cumulative burden of atrial fibrillation that was identified using up to 14-day continuous, noninvasive electrocardiographic monitoring was independently associated with a higher risk of subsequent ischemic stroke or arterial thromboembolism while patients were not taking anticoagulation, even after adjusting for known stroke risk factors. Furthermore, results were consistent across key subgroups. In contrast, the duration of the longest continuous episode of atrial fibrillation during the monitoring period did not predict subsequent thromboembolism. We uniquely examined the prospective association between the burden of atrial fibrillation using a noninvasive, short-term continuous monitoring approach and the subsequent risk of thromboembolism in paroxysmal atrial fibrillation. In contrast, the limitations of previous studies include examining only selected samples of patients who were receiving invasive, expensive implanted devices; using a range of thresholds for defining a meaningful burden of atrial fibrillation and the variable duration of follow-up; not restricting to periods during which patients were not taking anticoagulation; or not always validating ischemic stroke and other thromboembolic events. In a pooled analysis 29 Trial (ASSERT) of 2580 patients with a pacemaker or cardioverter defibrillator and no prior atrial fibrillation or atrial flutter, asymptomatic atrial tachyarrhythmias lasting longer than 6 minutes during a 3-month monitoring period were associated with a higher adjusted rate of ischemic stroke or systemic embolism (HR, 2.49; 95% CI, 1.28-4.85). 13 However, this study was not focused on patients with paroxysmal atrial fibrillation and did not characterize the burden of atrial fibrillation. A case-crossover analysis examined 187 veterans who had a cardiac implantable electronic device and experienced an ischemic stroke. 11 A positive burden of atrial fibrillation was defined as having 5.5 or more hours of atrial fibrillation on any day in the 30 days before the stroke. Among 16 patients who had discordance in having a positive burden in the 30 days vs no atrial fibrillation in the 91 to 120 days before their stroke, a positive burden of recent atrial fibrillation was associated with an elevated risk of stroke after adjusting for warfarin use (adjusted odds ratio, 5.22; 95% CI, 1.22-47.4). However, precision was limited and the study was not focused on patients with known paroxysmal atrial fibrillation. 11 In contrast, among 178 patients with heart failure and reduced ejection fraction, prior atrial fibrillation, and an implanted cardiac resynchronization therapy device, experiencing atrial high-rate events of 1% or more during a 24-hour period was not significantly associated with a higher rate of thromboembolism. 15 Our study materially extends previous efforts by focusing on a widely available, noninvasive extended monitoring strategy in patients with confirmed paroxysmal atrial fibrillation using a common metric of burden of atrial fibrillation that was standardized across patients and also demonstrates the independent prognostic information of atrial fibrillation burden beyond known stroke risk factors. Our analysis was strengthened by including a diverse, community-based sample of contemporary adults with paroxysmal atrial fibrillation. We systematically captured thromboembolic events that were validated by physician review using standardized clinical criteria and confirmed that the thromboembolic event occurred while the patients were not taking anticoagulation, with an incidence of thromboembolism similar to that seen in recent clinical trials and observational studies. We linked data from a US Food and Drug Administration-approved noninvasive, extended continuous electrocardiographic monitoring device (including classification of beat-to-beat data up to 14-days duration using validated algorithms) with longitudinal data on anticoagulation and clinical outcomes. We adjusted for predicted stroke risk using either the CHA 2 DS 2 -VASc or ATRIA risk score-the latter being derived and validated in Kaiser Permanente populations 22 and having greater discrimination than the CHA 2 DS 2 -VASc risk score in several US and European populations. 22,26,27 While our study sample included a range of predicted stroke risk, most patients were considered at low to moderate risk using the validated ATRIA risk score, 22,26,27 and risk scores were similar across tertiles of burden of atrial fibrillation, which highlights the potential use of information from atrial fibrillation burden in patients with paroxysmal atrial fibrillation, in which the anticoagulation decision is most challenging. This is further highlighted given that patients with paroxysmal atrial fibrillation may be less likely to receive antithrombotic therapy compared with patients who have nonparoxysmal atrial fibrillation, regardless of underlying predicted stroke risk.
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Limitations
Our analysis had several limitations. Information on the exact reasons for undergoing arrhythmia monitoring and for not receiving anticoagulation was unavailable. Given the number of events, we had limited power to determine thromboembolic risk at more granular cutoffs of atrial fibrillation burden, but our data suggested a threshold of approximately 11% as meaningful in the overall cohort and across age, sex, and subgroups without diabetes, chronic kidney disease, and hypertension. We were underpowered to evaluate the association of atrial fibrillation burden with thromboembolism in this subset of patients with a CHA 2 DS 2 -VASc score of 0 or 1. Patients in the highest tertile of atrial fibrillation burden were more likely to receive anticoagulation, which led to modestly fewer person-years while not taking anticoagulation in this subgroup (586) than those in the first (690) or second (639) tertiles, but this would bias the association between atrial fibrillation burden and thromboembolism toward the null. While a greater burden of atrial fibrillation could theoretically lead to longer periods of blood stasis, the promotion of thrombus generation, and the development of worsening of certain stroke risk factors (eg, heart failure or impaired kidney function), we were unable to determine if the burden of atrial fibrillation is a marker of risk or causative. Although we studied primarily insured adults in California, our results are likely to be generalizable to other populations and practice settings. Our analysis that examined any intermittent periods of time not taking anticoagulation during follow-up as a continuous period for an individual patient was based on the assumption of a constant hazard of the outcome, which may not be true; however, we did not find any evidence of violation of the proportionality assumption. Our continuous electrocardiographic monitoring strategy was only up to 14 days, so we were unable to evaluate the potential value of longer (or shorter) periods to characterize the burden of atrial fibrillation. Finally, as stroke risk factors can accumulate over time in patients, risk stratification is a dynamic process and further study is needed to evaluate the incremental utility of repeated episodes of characterizing atrial fibrillation burden.
Conclusions
In conclusion, a greater burden of atrial fibrillation identified using a noninvasive, 14-day continuous monitoring strategy is associated with a higher risk of ischemic stroke and arterial thromboembolism in adults with paroxysmal atrial fibrillation that is independent of known stroke risk factors. Characterizing the burden of atrial fibrillation in patients with paroxysmal atrial fibrillation could assist patients and physicians in having a more informed, shared decision-making discussion about stroke prevention strategies. 
